Introduction {#S1}
============

The Maghreb region is limited by the Mediterranean Sea in the north, the Atlantic Ocean in the west and the Sahara in the south ([Figure 1](#F1){ref-type="fig"}). The whole region is characterised by the presence of a gradient climate going from Mediterranean humid in the northern regions to Sahara in the south. High aridity concerns a large part of the Maghreb region, with a dry and hot summer and a wet and cold winter. The total agricultural surface represents 23% of the region (135,178,000 Ha), among which only 2.16% are irrigated \[[@R9]\].Figure 1.Geographic localisation of the five Maghreb countries (source: Wikipedia).

Both legal and illegal trade among all these countries is very active, including animals of different species. All these characteristics represent very important elements that deeply influence the biology and dynamics of different animals and mainly poikilotherm organisms (including ticks), strongly influenced by abiotic factors. *Hyalomma scupense* Schulze, 1919 is the vector of several pathogens, including *Theileria annulata,* the causative agent of tropical theileriosis. This protozoa is a major pathogen in the Maghreb region, causing high losses (milk yield decrease, weight loss, abortions, high treatment costs and deaths) in both endemically stable and unstable farms \[[@R21], [@R22]\]. Because of its vector role, the control of this tick species is of paramount importance in reducing both veterinary and financial impacts. The prerequisite for a successful control strategy is an excellent knowledge of the regional tick biology of each species. In this review, we present a synthesis of knowledge about the tick species *H. scupense* (syn. *H. detritum*) in the Maghreb region and different control measures that can be implemented to control it.

Systematics {#S2}
===========

There was a long-controversial issue about the possible synonymies of *H. scupense* Schulze, 1919 and *H. detritum* Schulze, 1919. It is now established that the two names correspond to the same species present in two distinct regions \[[@R13]\]. Filippova et al. \[[@R13]\] argued that due to a micro-evolutionary process, the former became monophasic whilst the latter is diphasic. Apanaskevich et al. \[[@R1]\] demonstrated that both belong to the same species and gave a description of the three developmental stages. According to Apanaskevich et al. \[[@R1]\], *H. scupense* Schulze, 1919 is the valid name; *H. detritum* Schulze, 1919 and *H. mauritanicum* Senevet, 1922 are synonyms and thus these names should not be used any more.

Biology {#S3}
=======

During the early 20th century, Sergent et al. \[[@R42]\] highlighted the importance of this tick species as a vector of *Theileria annulata* in the three countries colonised by France: Morocco, Algeria and Tunisia. Before the European colonisation of the Maghreb countries (Italy in Libya and France in the other four countries), there were only local cattle breeds adapted to ticks and tick-borne pathogens; the majority of cattle farms were probably in an endemically stable state with a virtual absence of clinical cases. In this context, local farmers were not aware of the vector role of ticks.

Zoogeography {#S4}
------------

*Hyalomma scupense* is one of the most widespread tick species of the 30 valid *Hyalomma* species; it is present in the Palaearctic zoogeographic region, in the humid to arid regions of 42 countries on three continents. It was reported in six African countries (Algeria, Egypt, Libya, Morocco, Sudan and Tunisia), 15 European countries (Albania, Bosnia and Herzegovina, Bulgaria, Croatia, France, Greece, Italy, Macedonia, Moldova, Montenegro, Romania, Russia \[in the south of the European part and North Caucasus\], Serbia, Spain and Ukraine) and twenty-one Asiatic countries (Afghanistan, Armenia, Azerbaijan, China, Georgia, India, Iran, Iraq, Israel, Jordan, Kazakhstan, Kyrgyzstan, Lebanon, Nepal, Oman, Pakistan, Syria, Tajikistan, Turkey, Turkmenistan and Uzbekistan) ([Figure 2](#F2){ref-type="fig"}) \[[@R1], [@R24]\].Figure 2.Geographic distribution of *Hyalomma scupense* ticks. The red dots indicate the countries where the tick is present \[[@R1], [@R2], [@R5], [@R13], [@R14], [@R24], [@R42], [@R45]\].

The geographic distribution of this tick species varies from one country to another. In Africa, the tick is abundant in Morocco, Algeria and Tunisia, mainly in northern regions ([Figure 3](#F3){ref-type="fig"}) \[[@R3], [@R4], [@R36], [@R42]\]. Low *H. scupense* tick populations are present in the Gabès oases (Southern Tunisia) where several clinical cases of tropical theileriosis were reported \[[@R23]\]. *Hyalomma scupense* was reported in Libya on a single occasion by Hoogstraal in 1956 \[[@R24]\]. In 1992, Gabaj et al. \[[@R16]\] examined a total number of 1093 cattle, 1228 camels, 13242 sheep, 4513 goats, 716 horses and 28 donkeys; they found seven tick species but did not report the presence of *H. scupense*. Four specimens were reported on two occasions in the central provinces of Northern Sudan during the fifties of the last century \[[@R24]\]. On one hand, this might be an accidental introduction or, on the other hand, this tick species may have disappeared from Sudan for one reason or another.Figure 3.Geographic distribution of *Hyalomma scupense* in Africa \[[@R45]\] (courtesy of Walker A.R., 2003).

Life cycle of *Hyalomma scupense* {#S5}
---------------------------------

The study of the life cycle of ticks is important as a predictive tool to target the ticks where and when they are present ([Figure 4](#F4){ref-type="fig"}). *Hyalomma scupense* is an endophilic, domestic tick ([Figure 5](#F5){ref-type="fig"}); it seeks hosts and goes into diapause inside and around animal enclosures \[[@R12], [@R42]\]. In the Maghreb region, *H. scupense* undergoes a two-host tick activity ([Figure 4](#F4){ref-type="fig"}); both larvae and adults seek their hosts with unimodal activity \[[@R4], [@R21]\]. Because of their small size and their moulting to nymphs on the same animal, only one field study in the Maghreb region on larvae was carried out, by Laamari et al. \[[@R28]\], who observed this tick on cattle during September and October in the Gharb region (extreme North-West of Morocco). Nymphs attach to cattle during the autumn: October and November \[[@R15]\] or September to November \[[@R28]\] in Morocco and October to December in Tunisia \[[@R4], [@R20]\], or September to November with a peak in mid-October in Morocco, Algeria and Tunisia \[[@R6], [@R15]\]. Larvae take a blood meal during a period of approximately 11 days, and moult on the same animal, resulting in nymphs, which feed again for approximately 11 days \[[@R42]\]. After the blood meal, nymphs drop off the host and go into diapause for 2--8.5 months \[[@R42]\] in shelters in the cattle enclosures such as cracks and crevices ([Figure 6](#F6){ref-type="fig"}), or under a pile of rocks or dung stored by the farmer for fire-making. The overall attachment period of larvae and nymphs estimated under experimental conditions was 16.1 ± 2.4 days (range: 15--24 days) \[[@R11]\]. Nymphs moult during the temperature increase (late spring, early summer) into adults which seek a host ([Figure 6](#F6){ref-type="fig"}) \[[@R20]\].Figure 4.Life cycle of *Hyalomma scupense* in the Maghreb region. Figure 5.Cattle shed where the *Hyalomma scupense* tick is usually present; note that the walls are not roughcast, with several cracks and crevices. Figure 6.Unfed adult *Hyalomma scupense* in a crevice.

The adults attach to animals in Tunisia and Morocco from May to August with a peak in late June in Morocco and late June/early July in Tunisia \[[@R4], [@R15], [@R28]\]. Gharbi et al. \[[@R20]\] observed a peak activity in late June with residual adults in November. In Taher, a littoral Algerian region characterised by a humid climate, Benchikh-Elfegoun et al. \[[@R3]\], collected adult *H. scupense* earlier in the year (from March to August) with a peak in June ([Table 1](#T1){ref-type="table"}).Table 1.Seasonal activity of *Hyalomma scupense* in the Maghreb countries (*Hyalomma scupense* has never been reported in Mauritania and no data about this tick species are available from Libya).CountryLarvaeNymphsAdultsMoroccoSeptember--October \[[@R28]\]October--November \[[@R15]\]May--August \[[@R15]\]September--November \[[@R6], [@R28]\]AlgeriaNASeptember--November \[[@R6]\]March--August \[[@R3]\]TunisiaNAOctober--December \[[@R4]\]May--August \[[@R4]\]September--November \[[@R20]\]June--November \[[@R20] [1](#TFN1){ref-type="table-fn"}[^1]NA: not available.

The presence of differences in the tick phenology has several explanations: (i) fluctuations of ambient temperature and relative humidity from one year to another \[[@R20], [@R21]\]. (ii) Variations of abiotic factors in different localities and microclimate differences from farm to farm. (iii) The management factors including host breed. The weight of each factor is difficult to estimate. The tick phenology is certainly the result of a complicated interaction among the three factors with a different weight in each case.

During summer, in farms affected by tropical theileriosis, adult *H. scupense* represent between 84.3 and 99.11% of the tick population in Tunisia, whilst they represent only 30.8% of the tick population in Morocco \[[@R36]\]. Under experimental conditions, adult ticks feed for a mean period of 9 days (range: 5--16) \[[@R29]\] and 12.6 days (range: 9--15) \[[@R37]\]. Under field conditions, the females take a blood meal during a period varying between 7 and 27 days \[[@R42]\]. Mating occurs on the host; females drop off and find a second shelter to lay eggs after varying periods of days ([Figure 7](#F7){ref-type="fig"}), under experimental conditions between 7 and 26 days with a mean period of 12.3 days \[[@R29]\]. After a pre-oviposition period of 3--16 days, females lay 159--251 eggs/day during a period of 10 to 35 days \[[@R35]\]. The total number of eggs laid varies between 3625 and 7181 per female \[[@R35], [@R37]\]. Under field conditions, the eggs incubate for a period ranging between 12 and 43 days (mean: 34.8 days) \[[@R29], [@R37]\]. The authors observed that the egg-laying female shelters in crevices situated at a maximum high of 1 m; this should be considered when a control programme is implemented. The females attaching to hosts in the late summer season (after August) lay few or no eggs \[[@R12]\].Figure 7.*Hyalomma scupense* female laying eggs in a wall crevice (white arrow). The tick was found in a wall farm in North Tunisia at 1 m height.

Ouhelli \[[@R35]\] studied the impact of temperature and hygrometry on different tick stages under experimental conditions. Pre-oviposition duration is inversely correlated to hygrometry and temperature. It varies between 2.3 days (35 °C and 93% of relative hygrometry) and 7.1 days (25 °C and 25% of relative hygrometry). Oviposition duration is highly influenced by temperature; it is stopped at 16 °C, it is possible at 25 °C and has minimal duration at 35 °C and 93% hygrometry (21 days) \[[@R35]\].

Embryogenesis did not occur at 16 and 35 °C. It was negatively correlated with hygrometry, lasting 43, 42 and 38 days at 25, 62 and 93% of relative hygrometry, respectively. Moreover, the hatching rate increases from 70 to 72 and 76% at the same hygrometry rates. The nymphal moulting rate is blocked at 16 °C, whilst at 25% relative hygrometry and 35 °C, this rate is influenced by hygrometry; it passes from 89% (at 25% hygrometry and 25 °C) to 100% \[[@R35]\].

The males spend more time than females on their hosts in order to take a small blood meal and mate with one or several females, and then die, but can move from one host animal to another \[[@R42]\]. The overall duration of the *H. scupense* life cycle is a single generation per year. The overlap of the two generations (immature stages and adults feeding on the same animal) plays an important role in the epidemiology of tropical theileriosis (*Theileria annulata* infection) since the immature stages feed and pick up the infection from cattle whilst the infective adult ticks are attached to the same host, leading to an increase in *T. annulata*-infected ticks.

The tick burdens can reach, as reported in Tunisia, up to 130, with a mean of 60 ticks/adult head of cattle \[[@R4], [@R20]\]. Different studies showed that calves are 70 times less infested than adult cattle \[[@R4]\]. This difference is possibly attributed to (i) body size, or (ii) attractive chemical substances that might be present in the rumen and eliminated with faeces in adult cattle \[[@R10]\]. However, Flach et al. \[[@R15]\] did not observe any relation between immature tick burdens and age and sex of the cattle hosts, whilst Gharbi et al. \[[@R20]\] reported that the highest infestation intensities were reported on cows for adult ticks (75.8) and nymphs (75.3). Some adult animals were more heavily infested than others; this is true for both immature and adult ticks \[[@R15], [@R20]\]. Indeed, during the whole season of tick activity, five per cent of cattle harbour 16.72 and 52.53% of adults and nymphs, respectively \[[@R20]\].

Hosts {#S6}
=====

Due to the variety of host species and their different degree of attractiveness \[[@R29]\], we suggest classifying hosts of *H. scupense* into four groups: (i) preferential hosts, represented by cattle, followed by horses. (ii) Unusual hosts, such as dromedaries; they represent only 0.02% of the overall tick population on Algerian dromedaries, and no tick was reported to infest dromedaries in a longitudinal study carried out during a one-year period in Central Tunisia \[[@R5], [@R18]\]. (iii) The exceptional hosts are infested if the size of the groups of preferred hosts is not in adequacy with the size of the host-seeking tick population. (iv) Wild hosts: the information is so meagre (no longitudinal studies have been carried out on these animals) that their biological role as hosts is unknown ([Table 2](#T2){ref-type="table"}) \[[@R1], [@R20], [@R24], [@R42]\].Table 2.Host species of *Hyalomma scupense* \[[@R1], [@R2], [@R24], [@R42], [@R45]\].Host typeSpecies*Preferential hosts*CattleHorses*Unusual hosts*SheepDromedariesBuffaloesPoniesGoats*Exceptional hosts*DogsPigsHumans*Wild hosts* [\*](#TFN2){ref-type="table-fn"}Argali (*Ovis ammon*)Foxes (*Vulpes* spp.)Goitered gazelles (*Gazella subgutturosa*)Hares (*Lepus* spp.)Onagers (*Equus hemionus*)Red deer (*Cervus elaphus*)Roe deer (*Capreolus capreolus*)Striped hyenas (*Hyaena hyaena*)Wild boar (*Sus scrofa*)[^2]

Attachment sites {#S7}
----------------

It is important to know the tick attachment sites for two purposes: (i) to visually monitor tick infestations in a farm, and (ii) to focus acaricide applications and manual tick removal exclusively on specific body regions, thus reducing the quantity of acaricides and labour time and increasing the effectiveness of these two control options. Ticks attach predominantly on areas with thin skin, and survive particularly in anatomical regions which are non-accessible to grooming and licking; the proportion of ticks on various areas of the body surface therefore varies widely according to the tick species and stage \[[@R33]\]. The posterior udder quarters of cows are the most highly infested body parts (they harbour 41.22 and 63.82% of adults and nymphs, respectively) followed by the thighs, which harbour 32.08 and 13.82% of adults and nymphs of *H. scupense*, respectively ([Figure 8](#F8){ref-type="fig"}). Adults and nymphs were also observed in other regions, namely: teats (13.15 and 0.19%, respectively); inguinal region (2.73 and 15.31%, respectively); anterior udder quarters (7.54 and 4.92%, respectively). The belly (2.97%) and axilla (0.32%) were exclusively infested by adults, whilst only nymphs were present on the neck and the interscapular regions (1.95%) \[[@R20]\]. These results clearly indicate that application of acaricides or manual tick removal focused on the posterior udder quarters and thighs will significantly reduce tick burdens by 93.99 and 82.75% of adults and nymphs, respectively.Figure 8.Different engorgement stages of *Hyalomma scupense* ticks attached to the udder of a cow.

Impact of *Hyalomma scupense* on their hosts {#S8}
============================================

The information on both *H. scupense* and the pathogens it transmits is very scattered in the five Maghreb countries; intensive studies are needed to improve our knowledge on the importance of this tick species in terms of animal health and public veterinary health, animal well-being and the financial situation of the farmers by decreasing the impact of tick infestation and *Hyalomma scupense*-borne infections. By far the most important pathogen transmitted by *H. scupense* is *Theileria annulata*, followed by *T. equi.* The importance of this tick species in the Maghreb region is essentially due to its vector role of tropical theileriosis. The epidemiology of these infections is closely related to the tick vector biology \[[@R8]\]. Recent studies on the role of viral vectors of several *Hyalomma* spp. are lacking in the Maghreb \[[@R2]\]. However, like several other tick species (mainly *Hyalomma* spp.), *H. scupense* is a potential vector of Crimean-Congo haemorrhagic fever virus \[[@R44]\], but its vectorial capacity has never been proven \[[@R2]\]. This tick species transmits other pathogens with different levels of importance such as *Coxiella burnetii*, the causative agent of Q fever \[[@R2]\], a very prevalent infection in Tunisia. Indeed, 26% of healthy blood donors in Sousse (Central Tunisia) were seropositive in a survey carried out in 1995 \[[@R31]\]. The role of different tick species in the Q fever epidemiology has never been studied in the Maghreb countries ([Table 3](#T3){ref-type="table"}). *H. scupense* can also transmit other viruses such as Bhanja virus, which has never been investigated in the Maghreb region.Table 3.Vector role of *Hyalomma scupense* in the Maghreb region.Tick speciesTransmitted pathogensHostsImportanceCountryReferences*Hyalomma scupenseTheileria annulata*Cattle+++MA, DZ, TN\[[@R3], [@R8], [@R14], [@R42]\]*Theileria equi*Horses++TN\[[@R38]\]*Anaplasma phagocytophilum*Mammals+TN\[[@R38]\]Anaplasma-like[1](#TFN3){ref-type="table-fn"}, [2](#TFN4){ref-type="table-fn"}?Presence of DNAMA, TN\[[@R41]\]*Babesia bovis* [2](#TFN4){ref-type="table-fn"}CattlePresence of DNATN\[[@R32]\]*Ehrlichia-*like[1](#TFN3){ref-type="table-fn"}, [2](#TFN4){ref-type="table-fn"}?Presence of DNAMA, TN\[[@R41]\]Different species of *Hyalomma* spp.*Ehrlichia bovis*Cattle+TN[\*](#TFN5){ref-type="table-fn"}Crimean-Congo Haemorrhagic fever virusHumansNANA\[[@R2], [@R44]\]Different Ixodid species*Coxiella burnetii*Mammals, including humans+++MR, MA, DZ, TN, LY\[[@R2], [@R27], [@R31]\]MR: Mauritania; MA: Morocco; DZ: Algeria; TN: Tunisia; LY: Libya.NA: not available.[^3][^4][^5]

The direct effect of the tick should not be ignored, particularly when animals are heavily infested. It has been well documented with different tick species that the presence of high tick burdens can cause anaemia, damage to hides, live-weight decrease, milk yield decrease and local inflammation, leading in some cases to dermal infection and even to mastitis \[[@R26]\] ([Figure 9](#F9){ref-type="fig"}).Figure 9.Ulcerative (white arrow) and purulent lesions (black arrow) in a cow's udder at the tick-feeding site.

Control {#S9}
=======

We will focus in this review on control measures specific to *H. scupense*. For general aspects of tick control in-depth review papers should be consulted \[[@R26], [@R46], [@R47]\]. Control implementation and programmes should be carried out after a thorough study of both local tick phenology and epidemiology of the dominant infection(s) they transmit. This study should include an overall description of tick fauna and potential hosts (a weight should be given to each of them) and a good description of the population dynamics.

Why? {#S10}
----

The control of *H. scupense* will depend on its aims; these can be divided into three objectives: (i) prevention of transmission of major tick-borne pathogens, such as *T. annulata* and *T. equi*. This is the best control option since the presence of the tick is correlated with the presence of tick-borne pathogens. (ii) Reduce the direct effect of the ticks (anaemia, skin lesions, etc.). (iii) Block the tick's life cycle, to eliminate it from a farm or a region.

The tick-borne pathogen epidemiology should be thoroughly studied in order to improve the efficiency of any control option. In endemically unstable farms, a situation clearly associated with the presence of exotic purebred dairy cattle, the tick population is small, because of intensive tick control; eradication is recommended and feasible considering the value of the animal and the financial impact of the infection. In endemically stable state farms, a sudden decrease in the tick population can induce an emergence of clinical cases due to the loss of the equilibrium between the hosts' immune system and the pathogen. Accordingly, in this case, the farmer should either eradicate the tick in case he intends to shift to purebred cattle breeding or keep this population and treat only during the peak of immature and adult activity without influencing the endemic stability.

How? {#S11}
----

As *H. scupense* is endophilic, the control of this tick can be carried out inside the animal enclosures through targeting the immature stages and/or adult ticks. It is important to note that although this tick species is endophilic, the hosts can be infested either outdoors by peridomestic populations or with forage in animal barns \[[@R12]\]. In Tunisia, Darghouth and Bouattour (unpublished data) cleaned cattle manually of all ticks before grazing, but at the end of the day some of them returned from the pasture with *Hyalomma scupense*.

### Chemical control {#S12}

The presence of sheltered ticks (unfed larvae, diapausing nymphs, unfed adults and laying females) during long periods makes the control relatively easy, particularly that of the nymphs in diapause since this stage lasts for a long time. These ticks can be targeted in two ways: (i) spraying chemical acaricides on the outer and inner surfaces of the animal enclosures. This control is not very effective since the nymphs enter deep into the cracks and crevices and require a large quantity of acaricide, resulting in a high degree of pollution. It should be considered only if there is an urgent need for tick elimination, because of a high threat such as the presence of a large population of infected ticks or the presence of drug-resistant *T. annulata* strains, as reported by Mhadhbi et al. \[[@R34]\].

The on-host immature stages can be targeted by chemical acaricides; this leads to a drastic decrease in the tick population in the next season. This option is easy to implement since the ticks are attached to their hosts for a long period, particularly the immature stages, and only inexpensive acaricides are required since an acaricide with a short residual effect can be used. Adult tick control leads to an immediate decrease in tick-borne infections according to the frequency of the treatment and the residual effects of the acaricide.

### Sealing cracks and crevices {#S13}

This is one of the most sustainable control options, consisting of sealing all cracks and crevices by roughcasting the inner and outer wall surfaces of cattle enclosures, combined with cleaning of the surrounding areas of the enclosure in order to destroy the off-host tick stages. This action should be integrated within a strategy of barn rehabilitation; dung and litter should be removed daily from the farm and its surrounding areas. Nevertheless, if it cannot be implemented because of affordability, other control options should be implemented, but might be less efficient.

### Genetic selection {#S14}

Genetic resistance is one of the most used biological control methods against ticks \[[@R30]\]. Farmers and ranchers in Australia have been breeding for resistance to the cattle tick for many years \[[@R47]\]. Stachurski et al. \[[@R43]\] reported that when the farmer culls an *Amblyomma* spp.-attractive cattle in a flock, no other tick-attractive cattle appears in the same farm. Genetic control is affected by culling tick-attractive animals; the farmer should focus on tick-resistant individuals. To our knowledge, there is no study about genetic resistance to *H. scupense*.

### Anti-tick vaccines {#S15}

As *Hyalomma scupense* transmits major pathogens, has important direct effects and toxic chemical substances are used for its control, research was carried out to develop environmentally friendly control strategies. Anti-tick vaccination is one of the most sustainable control options. It is not time-consuming and easy to implement. Trials were carried out on several tick species using different antigens \[[@R46]\]. Galaï et al. \[[@R17]\], immunised cattle with Bm86 and its orthologue Hd86, two antigens of *Rhipicephalus* (*Boophilus*) *microplus* and *H. scupense* tick guts, respectively. The first Ag has been used as a commercial vaccine to protect cattle against *Rhipicephalus microplus* in Australia (TickGARD^TM^ and TickGARDPLUS^TM^) and Latin America (Gavac^TM^). A reduction of 59.19% in the number of *H. scupense* nymphs engorging on Hd86-vaccinated cattle was observed, whilst Bm86 did not show any effect. Furthermore, none of the antigens was active against adults of *H. scupense*, neither were cattle vaccinated with Bm86 or Hd86 antigens protected against adult tick infestations. This can be explained by a difference in the expression profile of the Hd86 gene between immature and adult ticks \[[@R40]\]. In view of these results, it is clear that Hd86 could be used only as a control option integrated with other measures in order to produce effective results. There is no genetic diversity in Hd86 isolated from different Tunisian regions; this is to confirm that this Ag can be used to immunise animals in several regions of Tunisia (and possibly in other countries of the Maghreb) against *H. scupense* \[[@R39]\].

### Manual deticking {#S16}

When the farmer keeps a small number of animals, the veterinarian can recommend daily deticking by hand and crushing. This control option is environmentally friendly and cheap to implement but requires continuous efforts from the farmer; it is tedious since the whole body of every animal in the herd should be examined. Moreover, *H. scupense* can feed on other alternative animal species (horses, small ruminants, etc.) in the farm (although most farms keep only one species, and this tick species is rarely found on small ruminants). Hand deticking may contribute to reducing the tick population, but is possibly the least effective control option. It is the most sustainable (no resistance, no pollution, with minimal financial costs). It might be recommended for resource-poor farmers. Further studies are needed on this control option to estimate its effectiveness under different husbandry conditions.

When? {#S17}
-----

In the specific case of *H. scupense*, tick control is usually intended to prevent tropical theileriosis. The veterinarians should explain to the farmers that any tick control programme should continue for several years and that any short course of action will fail even if apparent success is observed; this will improve the acceptability of any tick control option. The seasonal aspect is important for acaricide application and tick removal by hand. The treatment of different stages should consider variations in the tick life cycle in distinct bioclimatic regions. One to two weeks should be added at the beginning and end of the seasonal tick activity. Frequency of acaricide application depends on two elements:The residual effect of the molecule; the longer this period, the more effective the molecule, but the meat and milk withdrawal period should also be considered.The aim of the tick control. Since the tick usually transmits the pathogens on the 3rd day of attachment, 3 days are added if the aim of the control is to avoid *T. annulata* transmission. If the aim of this control option is to stop the detachment of the fully engorged female ticks, the minimum period of attachment is to be added to the interval between two acaricide applications.

How much? {#S18}
---------

Financial costs are very important for any control since they can be a constraint by decreasing the applicability and acceptability, even if the control option is effective. Both the willingness of each farmer to pay and his preferences should be known and discussed. The different other intangible costs such as adverse environmental impact, and toxicity to the farmer and the consumer are important but cannot easily be quantified; they have to be discussed and considered during the decision-making process.

Farm rehabilitation costs are high but beneficial in the long run. To be successfully implemented, this approach needs, on one hand, an extension programme to convince the farmers in order to adopt it and increase their willingness to pay. On the other hand, the question of government subsidies should be evaluated on a cost-benefit basis integrating the investment returns in terms of contribution to food security and rural development; the rehabilitation of enclosures requires heavy financial inputs. The financial aspects should be considered with regard to the direct effect of the tick and (mainly) to its vector role. Gharbi et al. \[[@R22]\] performed a cost-benefit analysis of *Theileria annulata* infection control in endemically unstable farms considering different control options: vaccination against *T. annulata*, acaricide application and enclosure rehabilitation. They showed that the most beneficial option was rehabilitation of enclosures with a benefit-cost ratio ranging between 1.62 and 3.71, whilst the ratios for vaccination and acaricides ranged from 0.20 to 1.19 and 0.32 to 0.88, respectively. In endemically stable situations, when technically feasible, enclosure rehabilitation is highly beneficial, with a benefit-cost ratio of 50.37, which is far higher than the ratio for vaccination (23.7) \[[@R19]\].

Who? {#S19}
----

It is important to explain to the farmers that tick control requires a sound knowledge of both tick phenology and tick-borne infection epidemiology. The farmers should be convinced that the programme should last for many years. The tick control programme should be carried out under the supervision of veterinarians with a good extension programme and high subsidies, in collaboration with the veterinary extension workers and farmers' unions. Indeed, the farmers represent very important partners in tick control programmes; their ignorance of tick importance can lead to control programmes' failure. Studies carried out in Tunisia about the knowledge and practices of the animal owners showed that there is a need for great efforts to be carried out by animal health decision-makers in the Maghreb region. For instance, a survey carried out in 2004 and 2007 showed that 75.7% of Tunisian animal owners are illiterate or have primary school-level education \[[@R7], [@R25]\]. Twenty-nine out of 30 of the farmers in Northern Tunisia owning cattle suffering from tropical theileriosis are convinced that this disease is not a tick-borne disease, but is due to an increase in temperature \[[@R7]\]. Jmal \[[@R25]\] reported that 94.4% of Tunisian farmers do not take precautions when spraying their sheep with acaricides. Moreover, the meat and milk withdrawal period of acaricides is not respected by 67.5% of the stockowners.

Control decision criteria {#S20}
-------------------------

Many criteria should be considered when deciding to implement a control option ([Table 4](#T4){ref-type="table"}); the weight of each criterion will depend on several factors, and the decision should be taken after convincing the farmer of the benefits of control and the importance of his participation. The willingness of the farmer to pay is essential. This willingness can be increased by the implementation of extension programmes, which will explain to the farmers the benefit of tick control. Since none of the methods is 100% efficient, integration of two control measures (or more) in a package is recommended (for example, enclosure rehabilitation and manual tick removal). Integrated pest management was applied elsewhere \[[@R46]\]. Its goal is to decrease the ecologically adverse effects of acaricide use whilst keeping an acceptable effectiveness and cost. To control *H. scupense*, we suggest the rehabilitation of enclosures integrated with acaricide application targeting immature stages. In small farms, the rehabilitation of buildings could be preceded by an acaricide application targeting both immature and adult stages. In all cases, an epidemiological study concerning tick-borne pathogens is a key feature of the success of control.Table 4.Advantages and limitations of different control options.ItemHand tick removalSummer treatment with chemical acaricidesAutumn treatment with chemical acaricidesEnclosure rehabilitationCostNot quantified++++++Feasibility+++++++Acceptability++++++++Effectiveness+++++++++Benefits+++++++

Conclusion {#S21}
==========

*Hyalomma scupense* is a very important tick in the Maghreb countries, as well as in several other regions in the world; it induces high losses in the cattle industry due to its direct and indirect impact. The disparity of abiotic factors (temperature and relative humidity) and management systems makes knowledge of the regional tick biology necessary to take the right decision for control of this tick species in the Maghreb countries. There are several control options; each one has its own advantages and disadvantages. A control programme should be synchronised for a whole region in a country since ticks in neighbouring farms can cause infestation. In the Maghreb region, an increase in funds allocated to research is a real priority in order to widen the knowledge on regional tick phenology and control tools to be implemented. There is a paucity of studies concerning this tick species in the Maghreb, mainly in Algeria and Libya, despite its importance. More studies are needed, with a collaborative regional programme, in the four Maghreb countries.
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[^1]: The survey began in June.

[^2]: The information on the role of the wild species is very scattered and trans-sectional; they have been classified alphabetically.

[^3]: Sarih et al. \[[@R41]\] were unable to classify these isolates.

[^4]: Only DNA of this pathogen was isolated without showing the vector role of *H. scupense*.

[^5]: Unpublished data from the Laboratory of Parasitology, École Nationale de Médecine Vétérinaire de Sidi Thabet, Tunisia.
